OCEANIC PRODUCT VALIDATION
INCLUDING PHYCOERYTHRIN:
‘AIRBORNE

*SHIP

(Frank Hoge NASA/GSFC/WFF)



NASA Airborne Oceanographic Lidar System
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OCEANIC PIGMENTS
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PIGMENT LINE SHAPES:
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INHERENT OPTICAL PROPERTY (I0P) MODELS

b = byh) Ay / A",

aph(}.i) = ph(kg) exp[-()»i. - )\.g)z / 2g2]

3,0\) = a,(,) exp [-SO\ - A)]

) = B hgpur) EXPL-CAs - M) / 28]
By (M) = 30, Oy ) XPI < A X' / 28507 );
s O = By Prggens) XD - MV / 287}

(NUMERICAL MODELS CAN BE USED IN PLACE OF ANALYTICAL MODELS !)



LINEAR MATRIX INVERSION
OF

OCEANIC RADIANCE MODELS



DETAILS:

Jour. Geophys. Res. 101, 16,631- 16,648, (1996)
"Satellite Retrieval of Inherent Optical Properties by
Linear Matrix Inversion of Ocezfnic Radiance Models:
An Analysis of Model and Radiance Measurement

Errors", Hoge, Frank E. and Paul E. Lyon,



Radiance Model (Gordon et al, 1988)

L.(A) = F, t(8,) cos(6) M (1, X + 1, X3,

0, is the solar zenith angle,

t(8,) is the diffuse transmittance of the atmosphere,

F, is the extraterrestrial solar irradiance, 1,°*°0.0949, 1, = 0.0794.
M = (1-p)X1-p)/m*(1-rR) = 0.529 [Morel and Gentili 1996).

X =b, /b, + 3)

t, is the total backscatter: b, = b, + b,

a is the total absorption: a=a,+a,+2,+ ;n»+am.

X = (b + by ) / [(br + b)) + (2 + 3 + 24+ 2 + Bpgg )]

A Dp a,

412 - 0.0033 0.0160
443 0.0024 0.0145
488  0.0016 0.6192 __
531 0.0011 0.0512
51 0.0009 0.0645
668 0.0004 0.4240



Phycoerythrin Retrieval Sequence

1. a+b,(1-1/X)=0.

2. a+b,v=-a, +b, V).

3. au(A) + 2 (M) +a(A) +a,(0) + b ) v(h) = -3, () - b (A) v(D).

4. (M) XPl-(N - M)/ 28,071 + 3,000 expl-(h - A )/ 28,7

+ ay(A) exp[-(\ - A)? 7 287] + a (M) exp [-S(A; - A)] + bu(h) (A / M) v(D)
= -a,(0) - (W) V(W)

s, R |
exp[-Ou M) 28] EXP[-(h ) Y28,7] eXB[-(h ) 28,7) expI-SA)] (/A VON) |
eXP[-(ArA g ) 28071 €XP[-(Aghy ) 128p”] €XP[-(Ary ) 28,7] exp[-S(LA)] (/A v(A)
eXP[-(A-A ) 28] €XP[-(hAy ) V28,07] €XP{-(AsA, 07287 €xp-SOS )] WA V(M)
eXP[(Ash gy /28] EXPI-(Ai o) 28,07) EXP[(AiA 02807} OXPE-S(AAD] WA V(M)
Pl ) 28] XAy ) 28007) PO 0 12807) 9805201 (A" V(R) |

4 1, e—

[-2,(0) - () V(M)

— b

2 Mg pun)
Apep(Agpe) 1 -2,(A) - by (A V(klz)
e At | = | a0 - B V0w
a (A -a,(A) - bp(M) V(XY
_bu(h)] | _-a_,-,(k,) = buu(2s) V(’»i
6. Dp=h

7. p=D'h (Direct Inversion)

8. p=[D"D]'D"h (Least Squares)



exp[-(Mi- M) 28pu’] €XP[(MiA ) 128,0s"] €XP[-(A1-A 0 28,7 exp[-S(AA)] (M/AD* V(M)
XP-(ha N ) 128p7] EXPL-Ohr g ) 28] eXPI-Che N )28,47] €xD[-SO4AI] (WAD V()
XPI-(hhy ) V28] EXPL-(hs ) 280 7] B[ hy ) 28,7) exp-SOAY] (oA v(hy |
XPI-(hay ) 7287 X0y ) V280 XD 0 28,7) eXPl-SOMA) O V(A |

exPL-Ohi by 2] XPL s 27RO 287 €501 S0A] OO |

Bpugput) -a,(M) - bu(hy) v(h)
By ped) 2R - buh) VR
[l = ;"‘-a?.fi;) M) V()
| ara | | 200500 v0u |
| ) U L0950 v

S —

exp[(hh 0 2847] expl-S(A)] (WA V(A
exp[-(hi M) 2847] €xp[-S(hAD] (WAD" v(A)
| xpl-O b, w2807 expISOAI] (WA V).

PRCRY au(h) - bu(he) v(h) |
<] an 2| -2 - b v
bu(M] a(h) - bk VO |
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DETAILS:

Applied Optics, In Press, (1999)
Satellite retrieval of inherent optical properties by
inversion of an oceanic radiance model: A preliminary
algorithm, Hoge, Frank E., C.. Wayne Wright, Paul E. |

Lyon, Robert N. Swift, James K. Yungel, .



RETRIEVAL OF PHYCOERYTHRIN

PIGMENT CONCENTRATION

IMPORTANT FACTS

*TWO CHROMOPHORES (PUB,PEB)
*PUB SUBSTITUTION WITHIN PEB CAUSES

PEB ABSORPTION BAND SPECTRAL SHIFT
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SeaWiFS/MODIS Mission -- 03 April 1995
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DETAILS:.

Applied Opties 37, 4744-4749, 1998
Spatial vanability of oceanic phycoerythrin spectral
types derived from airborne laser-induced
fluorescence measeremicnts, Frank E. Hoge, C.
Wayne Wright, Todid M. Kana, Robert N. Swift, and

James K. Yungel.



SHIPBOARD LASER FLUOROMETER (SLF)

‘PEB(+) PHYCOERYTHRIN
*PEB(-) PHYCOERYTHRIN
*CHLOROPHYLL

*WATER RAMAN NORMALIZATION

14
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